Abstract. Let S be a point set in the plane such that each of its ele-1 ments is colored either red or blue. A matching of S with rectangles is 2 any set of pairwise-disjoint axis-aligned rectangles such that each rectan- 
55
Let S = R ∪ B be a set of n points in the plane such that each element of S is 56 colored either red or blue, where R denotes the set of the points colored red and
57
B the set of the points colored blue. A strong matching of S is monochromatic if 58 all matching objects cover points of the same color. Likewise, a strong matching 59 of S is bichromatic if all matching objects cover points of different colors.
60
As an extension of the above problems, we study both monochromatic and rithm that constructs a matching with at least 1/4 of the number of rectangles
76
of an optimal matching. In the approximation algorithms we consider that the 77 elements of S are not necessarily in general position. We say that S is in gen- families of axis-aligned rectangles:
Observe that the MMRM problem is equivalent to finding a maximum subset 101 of R(S) of independent rectangles. Two rectangles are independent if they are 102 disjoint. Similarly, the MBRM problem is equivalent to finding a maximum sub- does not always give a good approximation.
139
According to the nature of the rectangles in our families R(S) and R(S), two types (see Figure 1d ).
147
Let G := G(R(S)). Observe that if we consider the spanning subgraph G approximating the maximum independent set in a family of pseudo-disks, can 154 be applied in H to obtain an independent set H ⊆ H ⊆ R(S). Unfortunately,
155
we are unable to compare |H | with the optimal value of the MISR problem elements of H are pairwise piercing, and a maximum independent set in H is a 170 maximum independent set in H. They proved them by using an LP-relaxation 171 approach. By using simpler combinatorial arguments, we generalize and prove 172 these observations to obtain our approximation algorithms.
173
3 Approximation algorithms
174
Given a point set P in the plane, we say that H is a set of rectangles on P if 182 Lemma 1. Let P be a point set and H be any complete set of rectangles on P . is a maximum independent set in G p,c (H). Proof. Let I denote a maximum independent set of G p,c (H). Assume w.l.o.g. Figure 2a) . 
196
Lemma 2. Let P be a point set and H be any complete set of rectangles on P .
197
A maximum independent set in G p,c (H) can be found in polynomial time. the maximum independent set of R 1 and R 2 , respectively.
212
Proof. Consider the family R 1 , the arguments for the family R 2 are analogous.
213
Let OPT 1 denote the size of a maximum independent set in R 1 . Observe that a Proof. Let OPT denote the size of a maximum independent set in R(S), and
227
OPT 1 and OPT 2 denote the sizes of the maximum independent sets in R 1 and
228
R 2 , respectively. Let I 1 be a (1/2)-approximation for the maximum independent 229 set in R 1 and I 2 be a (1/2)-approximation for the maximum independent set 
237
-R 2 contains the rectangles with a red point in the bottom-left corner.
238
-R 3 contains the rectangles with a blue point in the bottom-right corner.
239
-R 4 contains the rectangles with a red point in the bottom-right corner. with segments for S 1 independently of S 2 if and only the formula is accepted.
267
The above method can be applied in the construction of Kratochvíl and PMRM problem is in NP. We prove now that the PMRM problem is NP-hard.
284
Let ϕ be a planar 3-SAT formula. The (planar) graph associated with ϕ can 
For an overview of our construction of S, refer to point set (multiplying by 2) so that every element has even x-and y-coordinates.
315
Then, we put a red point over every point of at least one odd coordinate that is 316 not over any dotted line. We finally scale again the points, the blue and the red 317 ones, and make a copy of the scaled red points and move it one unit downwards. blue points of the gadget of C is perfect (see Figure 6 and Figure 7) . Otherwise,
331
if none or at least two among u, v, and w make C positive, then the strong 332 matching forced on the blue points of the gadget of C is not perfect since at 333 least 2 blue points are unmatched (see Figure 8 and Figure 9 ). Finally, note 334 that the red points admit a perfect strong matching with segments such that no 335 segment contains a blue point. Therefore, we can ensure that the 3-SAT formula ϕ can be accepted if and only if the point set S admits a perfect strong matching 337 with segments. can be used for our purpose, by using the fact that the points in the proof of we can prove that the PMRM problem is also NP-complete when all points have 387 the same color, and that the PBRM problem is also NP-complete. Proof. The proof is straightforward (see Figure 11a , Figure 11b , and Figure 11c ). to obtain a perfect strong matching in S then we must have a perfect strong 434 matching for each S g in particular (see Figure 12c and Figure 12d ) because for 435 all g every red point of S g cannot be matched with any blue point not in S g .
436
Therefore, the set S g acts as the green point g blocking the forbidden matching 
